The SYNTAX score is a grading system that evaluates the complexity and prognosis of patients undergoing percutaneous coronary intervention (PCI). We investigated the association between the incidence of major adverse cardiac events (MACE) following PCI and the SYNTAX score in patients with three-vessel disease. Methods: We consecutively enrolled 381 patients with three-vessel disease undergoing PCI and stenting. The SYNTAX score was divided into tertiles as low (≤16), intermediate (16) (17) (18) (19) (20) (21) (22) and high (>22). The endpoint was the incidence of MACE defined as cardiac death, in-hospital mortality, nonfatal myocardial infarction (MI), or target vessel revascularization. Then, the incidence of MACE was compared among the SYNTAX score tertile groups. Results: The median follow-up was 14 months, and the rate of MACE was 12.6%. The rates of MACE were 7.5%, 9.9%, and 21.6% in patients with low, intermediate, and high SYNTAX score tertiles, respectively. Higher SYNTAX scores significantly predicted a higher risk of MACE (hazard ratio = 2.36; P = 0.02) even after adjustment for potential confounders. The main predictors of MACE were SYNTAX score, advanced age, hyperlipidemia, presentation as recent ST-elevation MI, number of total lesions, and history of renal failure. Conclusion: The SYNTAX score could predict major cardiac outcomes following PCI in patients with three-vessel disease.
INTRODUCTION
I n recent years, percutaneous coronary intervention (PCI) has been increasingly used for the revascularization of multi-vessel coronary artery disease (CAD); the optimal method for this purpose is, however, still a matter of controversy. [1] The success rate of PCI has now reached an acceptable point with the use of stents and adjunctive pharmacotherapy. [2] [3] [4] Due to the increasing number of patients being treated for CAD every year and the importance of risk stratification and prognostic evaluations, different assessment modalities have been developed to evaluate the patients' risk and predict their outcome following therapeutic intervention. [5] One of the most important scoring systems that have been designed to date is the SYNTAX score.
The SYNTAX score is an angiographic tool to help cardiologists, interventionists and surgeons to grade the complexity of coronary artery lesions. [6] A higher SYNTAX score indicates a more complex condition as well as worse prognosis in patients undergoing contemporary revascularization especially with PCI. [6] However, its value for predicting early and late mortality and complications is still a question mark. Although some authors have reported an acceptable predictive power for the SYNTAX score concerning major adverse cardiac and cerebrovascular events following revascularization, there are still few precious data on its predictive value for early or late mortality. [7] Some others have confirmed the usefulness of this score to predict cardiac mortality and adverse events in patients How to cite this article: Safarian H, Alidoosti M, Shafiee A, Salarifar M, Poorhosseini H, Nematipour E. The SYNTAX score can predict major adverse cardiac events following percutaneous coronary intervention. Heart Views 2014;15:99-105. © Gulf Heart Association 2014.
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undergoing PCI on the left main coronary artery. [8, 9] Nevertheless, published data on the use of appropriate scoring systems for predicting clinical outcome of PCI and stenting, especially in the treatment of three-vessel involvement are relatively limited.
In the present study, we investigated the association between the incidence of major adverse cardiac events (MACE) following PCI and the SYNTAX score in patients with three-vessel disease receiving treatment at Tehran Heart Center. We hypothesized that the SYNTAX score could effectively predict the outcome in CAD patients undergoing PCI.
METHODS

Study population
All consecutive candidates for PCI of with either a drug-eluting stent (DES) or a bare metal stent (BMS) between January 2007 and December 2009, at Tehran Heart Center, were enrolled in this single-center retrospective cohort study. Patients were enrolled if they had three involved coronary arteries (three-vessel disease and >50% occlusion) and were excluded in case of age <18 or >80 years, primary PCI, prior revascularization therapy, either PCI or coronary artery bypass grafting, or left main stenosis >50%. An informed consent was obtained from all of the participants at the time of admission. The committee of medical ethics and the research board of our center approved the proposal of this study. This study conforms to the principles outlined in the Declaration of Helsinki.
Evaluations and measurements
Baseline demographic, clinical and angiographic characteristics data were retrieved from the electronic centralized clinical database of our center during the in-hospital period and at follow-up. [10, 11] All angiographic parameters were calculated by an experienced cardiologist who was blinded to the procedural data and clinical outcome on the angiograms obtained before the procedure. Complete revascularization was defined as no residual stenosis >50% in any major coronary artery or their large branches (diameter > 1.5 mm) following PCI. [12] The SYNTAX score was derived from the summation of the individual scores for each separate lesion defined as ≥50% luminal obstruction in vessels ≥ 1.5 mm. The SYNTAX scores were calculated for all patients using dedicated software (available at http://www.syntaxscore. com/calc/start.htm). Thereafter, the SYNTAX score was divided into tertiles as low (≤16), intermediate (16) (17) (18) (19) (20) (21) (22) , and high (>22). Also, patients were scored based on the modified lesion classification system of the American College of Cardiology/American Heart Association (ACC/ AHA) which orders the treated lesions into four groups: A, B1, B2, and C. [13, 14] In this classification system, lesions from type A to C become more complex. In order to facilitate statistical analysis, type A stenoses were translated as 1 point, type B1 stenoses as 2 points, type B2 stenoses as 3 points, and type C stenoses as 4 points. The mean of the modified ACC/AHA lesions classification within each tertile group was compared between the groups. Finally, the hazard ratio (HR) for predicting the incidence MACE was calculated.
The PCI procedures and stent implantation were performed based on the standard techniques with the femoral approach. All patients received 300-600 mg loading dose of clopidogrel plus 325 mg aspirin before the procedure and 70-100 IU/kg intravenous unfractionated heparin during the procedure. Clopidogrel (75 mg/d) and aspirin (325 mg/d) were continued for at least 1-month. Then aspirin was tapered to 80 mg for lifelong use while clopidogrel was prescribed for a minimum of 1-month in BMS and 12 months in DES.
All clinical follow-up data were collected prospectively by scheduled clinic evaluations or direct telephone interviews. All the events were recorded from the time of intervention. The median follow-up period was 14 months in the study group. The primary endpoint was the incidence of MACE defined as in-hospital mortality, cardiac death, nonfatal myocardial infarction (MI), or target vessel revascularization (TVR). In-hospital MI was diagnosed within the first 7 days following the procedure if new abnormal Q waves were observed with an increase in serum creatine kinase-MB (CK-MB) isoenzyme or just an increase in CK-MB more than 3-fold in case of absence of the Q waves. [15, 16] In this study, CK-MB was measured at 6 and 12 h after the procedure. After 8 days from the intervention, MI was defined as abnormal Q-waves or cardiac enzyme elevation to diagnostic levels. TVR was defined as the revascularization of the vessel formerly treated via PCI during the index hospitalization through a repeat percutaneous intervention or bypass surgery.
The incidence of MACE with the presence of other parameters of the patients as cofounders was then assessed in the SYNTAX score subgroups. MACE-free survival was defined as the time from the procedure to the time of occurrence of one the primary endpoints. Patients, who were alive and event-free at last follow-up were considered as censored observations.
Statistical analysis
Continuous variables are presented as mean ± standard deviations and compared between the three groups of SYNTAX score using the one-way ANOVA test or the Kruskal-Wallis H-test, as appropriate. Categorical variables are presented as counts and percentages and were compared with the Chi-square test or the Fisher's exact test when appropriate. Survival curves were generated using the Kaplan-Meier method, and the log-rank test was employed to evaluate differences between the groups. Variables that were simultaneously associated with SYNTAX score and MACE with P < 0.2 were detected to act as potential confounders. Cox proportional hazards (PH) model was applied to assess the effect of SYNTAX score on MACE adjusted for potential confounders. Also, a Cox PH with backward elimination method was performed for finding independent predictors of MACE in the study population.
Variables that had a P < 0.15 in the univariate analysis were included in the multivariable model.
We reported the effects of variables through HRs and corresponding 95% confidence intervals (CI). The PH assumption was checked using the Chi-square test of the correlation coefficient between transformed survival time and the scaled Schoenfeld residuals. [13] There was no violation from PH assumption in the multivariable Cox models. [17] The survival package was used to check the PH assumption [18] and the R software version 3.0.0 [19] (R foundation for statistical computing, Vienna, Austria) as well as the SPSS, version 15.0 (Chicago, Illinois, USA) were used to conduct statistical analyses.
RESULTS
In this study, a total of 381 patients who underwent PCI and met our study criteria was included (mean age = 58.06 ± 10.06 years; 270 [70.8%] males). The sum of 153 (40.1%) patients received DES, 152 patients received BMS and in 76 patients both stents were used. The baseline clinical and angiographic characteristics of the studied population stratified across different SYNTAX levels are summarized in Tables 1 and 2. With regard to the baseline characteristics, the patients with higher SYNTAX score had significantly lower left ventricular ejection fractions (P < 0.01) while the patients in the SYNTAX score tertile groups were similar in terms of demographics, general cardiovascular risk factors, and family history. Also, based on the procedural and angiographic characteristics, parameters pertinent to the complexity of CAD were more pronounced in the patients with the highest SYNTAX score. These included the number of lesions (P < 0.01), number of total occlusions (P < 0.01), diffuse (P < 0.01), long (P < 0.01), and proximal lesions (P < 0.01) as well as lesions with severe tortuosity (P = 0.01) or lesions at the bifurcation (P < 0.01) or trifurcation (P < 0.01). Contrary to this, the AHA/ACC classification scores were not different between the SYNTAX tertile groups.
Regarding the incidence of MACE, 14 cases of TVR, 14 cases of MI, 17 cases of in-hospital MI, 3 cases of death and 2 cases of in-hospital death were observed. Overall, the frequency of MACE was 48 (12.6%) within a median follow-up of 14 months. The frequency of MACE was 10 (7.5%), 13 (9.9%), and 25 (21.6%) in patients with low, intermediate, and high SYNTAX scores, respectively (P = 0.002). The MACE-free survival across the SYNTAX score tertiles and are shown in Figure 1 . Predicting survival with a combination of death, TVR and MI showed a significantly different survival in the tertiles of the SYNTAX score (P = 0.006). The 1-year MACE-free survival at each SYNTAX level was as follows: Low score: 98.4% (standard error [SE] =1.1); intermediate: 96.8% (SE = 1.6); and high: 93.9% (SE = 2.2; P = 0.002). Patients in the higher SYNTAX score tertile had a significantly higher risk for MACE (HR = 3.11, CI: 1.49-6.50; P = 0.002).
After adjustment for EF and number of stented vessels, the association of the SYNTAX score and the MACE remained significant (P = 0.001). In this model, higher SYNTAX score was significantly associated with a higher hazard for MACE (HR = 3.07, CI: 1.46-6.48; P = 0.003).
In the multivariable Cox PH analysis [ Table 3 ], the SYNTAX significantly predicted a higher risk of MACE in the highest tertile (HR = 2.368; 95% CI, 1.093-5.131; P = 0.029). These models showed that SYNTAX score as well as advanced age, hyperlipidemia, presentation as recent ST segment elevation MI, number of total lesions, and history of renal failure were predictors of a higher risk of MACE. On the contrary, AHA/ACC classification score could not predict MACE in the study population (HR, 0.96; 95% CI, 0.86-1.08; P = 0.53).
DISCUSSION
This study aimed to investigate the value of the SYNTAX scoring system for predicting MACE following PCI in the context of three-vessel CAD; the results corroborated the relevance of this score as a useful angiographic grading tool. This study helps to better identify of the predictive value of the SYNTAX score for mid-term outcomes in patients with three-vessel disease. The rate of MACE in the present study was similar to previous reports from our center. [20] [21] [22] Thus far, several studies have been performed to develop risk scores for PCI and compare different predictive tools. [23] Despite the ability to estimate outcomes by each of these models, their implementation in clinical practice confronted some difficulties due to their limitations. These include various definitions of the included parameters, certain ethnic groups within each study that limits its generalizability, and limited data on their ability to predict long-term outcomes. Moreover, precise validation of every scoring system in different settings is necessary to achieve better results. Nonetheless, our study provides a good overview of the applicability of the SYNTAX score to predict MACE following PCI by comparison with the other routine practical scores.
The SYNTAX score predicted the rate of MACE, with patients in the highest tertile showing a significantly higher event rate in MACE than do patients in the lowest tertile. The rate of MACE was significantly increased among patients in the highest SYNTAX score tertile (21.6%) as compared with those in the lowest SYNTAX tertile (7.5%) or intermediate SYNTAX tertile (9.9%). The rate of death, TVR and MI, without considering in-hospital events, also had a significant association with SYNTAX score. This result was also confirmed after adjustment for all potential confounders. It seems that SYNTAX score is a suitable tool to stratify outcomes of PCI in the context of multi-vessel disease. Moreover, higher SYNTAX indicative of more complex CAD, are assumed to represent a bigger therapeutic challenge and to have a potentially worse prognosis in patients with 3-vessel disease undergoing PCI.
Our result is consistent with that of the recently published SYNTAX study. [1] Similar results were also reported by Valgimigli et al. in the ARTS II registry study [24] and other similar studies with similar purposes. [24] [25] [26] [27] [28] The ability of the SYNTAX score to predict the postprocedural outcomes according to the preprocedural coronary anatomy can be used to point to the appropriate revascularization strategy for three-vessel disease using an evidence-based physician-patient consensus. The ability of the SYNTAX score to predict adverse events in the PCI group was because the individual components of the score also had predictive value. These components include total occlusions, bifurcated or trifurcated lesions in conjunction with long, diffuse, proximal, ostial and tortuous lesions, all of which may predispose toward greater rates of periprocedural complications. [29, 30] In this study, the modified AHA/ACC score was not significantly different between the SYNTAX levels and also could not predict MACE. A possible explanation for this finding may be the diverse nature of these two classification systems. The modified ACC/AHA score employs lesion morphology criteria that qualitatively assess angiograms, [14] whereas the SYNTAX score utilizes more detailed criteria that consists of twelve questions grading characteristics of the patient's CAD, which grade the complexity of each significant lesion such as the length, position, proximity to the junctions, calcification and tortuosity of each lesion. [6] Determining the superiority of one of these systems on the other one was not the aim of this study; however, it has been demonstrated in one study that the area under the curve for the SYNTAX score was larger than that for the AHA/ACC score for MACE at 30 days. [24] Meanwhile, the prognostic accuracy provided by the SYNTAX score was found to be significantly higher than that of the ACC/AHA classification in the same study. Nonetheless, the exact relationship between these two classification systems has yet to be fully elucidated.
In patients who received both DES and BMS (mixed), the rate of MACE was lower than those who received DES. This may be due to the higher number of patients in a mixed group who underwent multi-vessel PCI and, therefore, had the better revascularization.
Study limitations
As a limitation to this study, the duration of follow-up is the first and foremost. A longer period of follow-up would have increased the power for predicting the long-term MACE for the study population and would have made it possible to assess the impact of the SYNTAX scoring system on that basis. Moreover, having a control group of patients undergoing coronary artery bypass grafting would have enabled us to compare the predictive value of the SYNTAX score for selecting the proper revascularization strategy.
CONCLUSION
Our findings suggest that the SYNTAX scoring model can play a major role in predicting mid-term outcomes following PCI in patients with three-vessel disease. Also, the SYNTAX score can be appropriately used for selecting the proper revascularization strategy in patients with three-vessel disease. However, it seems that adding such clinical factors, as age and renal failure can increase the predictive value of the SYNTAX score. Therefore, the next step would be a well-designed study to assess the predictive value of the clinical SYNTAX score on the MACE of patients undergoing PCI.
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